The effects of daily metabolizable energy intakes of 9.5 (low), 15.4 (medium) and 24.9 (high) Mcal in pregnant yearling heifers on maternal serum metabolite concentrations and on fetal development as indicated by RNA, DNA and protein concentrations in liver and semitendinosus muscle were studied in 88 crossbred heifers. Pregnant heifers were slaughtered at 90, 120, 150, 180, 210, 240 and 255 days of gestation. Average daily gains (kg) were .14, .58 and .95 and fetus, fluids and membranes accounted for 100%, 27% and 16% of the total live weight gain of the heifers fed the low, medium and high energy diets. Maternal serum free fatty acids (FFA) were not altered (P>.05) by maternal energy level. Glucose concentrations were highest (P<.025) and urea-N concentrations lowest (P<.025) in heifers fed high energy compared to low energy levels. Maternal liver DNA concentrations (mg/g tissue) were higher (P<.025) and the protein/ DNA ratio lower (P<.025) in the low energy diet compared to the medium or high energy diets. Concentrations of liver RNA and protein were not influenced (P>.10) in maternal liver by level of energy intake. RNA and DNA concentrations decreased (P< .O5) with increasing gestational age. Fetal muscle protein increased (P<.Ob) and liver protein did not change with increasing gestational age. The only indications of an effect of dietary energy intake on fetal development were in fetal liver RNA concentrations which were increased and in the protein/RNA ratio in muscle which was decreased in fetuses from heifers fed low energy compared to the high level of energy intake.
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RNA and DNA concentrations decreased (P< .O5) with increasing gestational age. Fetal muscle protein increased (P<.Ob) and liver protein did not change with increasing gestational age. The only indications of an effect of dietary energy intake on fetal development were in fetal liver RNA concentrations which were increased and in the protein/RNA ratio in muscle which was decreased in fetuses from heifers fed low energy compared to the high level of energy intake.
It is concluded from these studies that restriction of energy intake in the bovine female to a level that maintains maternal body weight has little influence on the development of the fetus even though maternal metabolism may be altered considerably by level of energy intake. (Key Words: Bovine, Fetus, Dietary Energy,
INTRODUCTION
The influence of maternal nutrition during gestation on fetal growth and development has been an area of considerable interest (Winick, 1974; Wallace, 1948a,b,c) ; however, limited information is available in the bovine animal. Information concerning growth of the bovine fetus has primarily been limited to birth weight (Anderson and Plum, 1965) and (or) linear measurements of the fetus at different stages of gestation (Lyne, 1960; Swett et al., 1948) or measures of organ weights (Hubbert et al., 1972) . Ferrell et al. (1976) recently reported that maternal energy intakes in the pregnant cow of 150 or 215 Kcal ME/kg/day did not significantly influence the nitrogen or gross energy content of fetuses or gravid uterus. Maternal nutritional restrictions must be severe to influence fetal development and birth weight in the ovine animal (Wallace, 1948a,b; Prior and Christenson, 1976) or in the bovine animal (Hight, 1968a,b; Morris, 1970; Tudor, 1972 (Harris et al., 1968) .
bNutrient composition based upon tabulated values. (NRC, 1976) . Hammond (1943) is correct in suggesting that during pregnancy, fetal and maternal tissues compete with one another for available nutrients and that when the supply is limited, fetal tissues have a higher priority than many maternal tissues. The mechanisms whereby the fetus is able to compete successfully are not fully known. Bowden (1971) has suggested that levels of nonesterified fatty acids (NEFA) may be useful in defining the nutritional status of ruminants, particularly during pregnancy and lactation. Grigsby et al. (1974) measured serum glucose and NEFA in the cow and fetus during gestation, but no nutritional variables were studied. The purpose of this study was to investigate the influence of maternal dietary energy intake in the bovine animal on maternal serum metabolite concentrations and on fetal concentrations of RNA, DNA and protein in liver and muscle tissue.
EXPERIMENTAL PROCEDURES
Animals. Hereford-, Angus-, and Red Pollcross yearling heifers were maintained on the same nutritional regimen from weaning at an average age of 200 days to initiation of this experiment at an average age of 450 days. At the beginning of this experiment, the heifers were mated to one of five half-sibling Brown Swiss bulls. Pregnant heifers were assigned on the basis of weight and breed-cross to one of the three dietary energy levels shown in table 1 to give similar initial weights and representation of breed crosses in the nutritional treatments.
Heifers were maintained and fed in group pens of about 30 heifers/pen in a dirt feedlot from approximately 35 to 42 days postmating to the time of slaughter 9 Number of pregnant heifers in each slaughter group by maternal energy level are shown in table 2. Heifers were weighed at 28-day intervals and 1 day before slaughter 9 Blood samples were obtained from all pregnant heifers during the afternoon on the day prior to slaughter and serum was prepared. At slaughter the reproductive tracts were recovered and a sample of maternal and fetal liver and a sample of the fetal semitendinosus muscle were obtained and immediately frozen in liquid nitrogen for later analysis of protein and nucleic aRations formulated to provide for total body average daily gains of 0, .5, and 1.0 kg for the low, medium, and high levels. Metabolizable energy intakes for the three rations were 9.53, 15.42 and 24.94 Mcal/ head/day, respectively. acids. Fetal weight, sex and length were determined (Prior and Laster, 1979) . Heifer hot carcass weights were determined on day of slaughter.
Chemical Analyses. Liver samples for protein and nucleic acid determinations were ground in liquid nitrogen with a mortar and pestle and then homogenized in 19 volumes of distilled H20 with a Potter-Elvehjem Teflon-glass homogenizer. Fetal muscle samples were also ground in liquid nitrogen with a mortar and pestle and then homogenized in 19 volumes of .4 N KC1 with a Potter-Elvehjem Teflon-glass homogenizer. Muscle and liver RNA, DNA, and protein were extracted and analyzed as described by Munro and Fleck (1969) and Fleck and Munro (1962) . DNA was determined using indole (Ceriotti, 1955) . Calf thymus DNA was used as the DNA standard. RNA concentrations (expressed as /ag RNA-phosphorus/ml) were calculated using the equation CRN A (gg RNA-P) = 3.40 E26 o -1.44 E232 where E260 is the extinction at 260 nm and E232 is the extinction at 232 nm (Munro and Fleck, 1969; Fleck and Begg, 1965) . Protein was determined by the method of Lowry et al. (1951) as automated on the Technicon autoanalyzer (Technicon Instruments, Tarrytown, NY). Serum glucose was determined on an autoanalyzer by the orthotoluidine reaction (American Monitor Corp.). Serum for lactic acid determination was deproteinized with 1.0 ml of 2.0% ZnSOa'7H20 and 1.0 ml of 1.8% Ba(OH)2"8H20 and the resulting supernatent was assayed for lactic acid by the enzymatic procedure of Hohorst (1965) . Serum NEFA were determined by the method of Dalton and Kowalski (1967) . Serum urea-N concentration was determined with diacetyl monoxime and phenyldimethyl-pyrazolon reagents as automated for the Technicon autoanalyzer (American Monitor Corp.).
Statistical Analyses. Data were analyzed by least squares analyses of variance with unequal subclass numbers (Harvey, 1975) according to the models previously described (Prior and Scott, 1977 ). The statistical model for fetal data included maternal breed, dietary energy level, sex of fetus, and all two-way interactions. The model for maternal traits included maternal breed, dietary energy level, and the breed • energy interaction. Gestational age was used as a covariate. If neither quadratic nor linear effects was significant (P<.05), gestational age was deleted from the analysis.
RESULTS AND DISCUSSION
The average daily consumption of dry matter, crude protein and metabolizable energy (ME) are presented in table 1. Crude protein consumption was approximately equal with the three diets (1.14 kg/head/day). Daily ME intakes were approximately 123, 198 and 325 Kcal/kg body weight ~Ts which includes a greater range of ME intakes than included in a previous study (Ferrell et al., 1976) . Previously reported ME requirements (NRC, 1976) for 325 kg pregnant yearling heifers during the last 3 to 4 months of pregnancy were 165,212 and 263 Kcal/W ,Ts kg/day to provide .4, .6 and .8 kg gain per day. As indicated in table 3, the weight gains of the heifers in the present study were similar to the predicted responses based on NRC (1976) requirements. Increasing dietary energy intake increased (P<.01) average daily gain, final live weight and hot carcass Grigsby et al. (1974) reported that the maternal serum NEFA concentrations increased during gestation. The lack of effect of energy intake on serum NEFA in the present study is somewhat surprising since blood NEFA concentrations have been used as indicators of nutritional status in the ruminant (Bowden, 1971; Robinson et al., 1971; Prior and Christenson, 1976) . Factors such as animal handling prior to and during blood sampling and time of sampling relative to feeding can influence NEFA levels and might have masked nutritional effects in this experiment.
Maternal serum glucose levels did not change during gestation, but were higher (P<.025) in animals fed high energy compared to the medium or low levels (table 4). The lower serum glucose concentrations in animals restricted in energy intake is in agreement with data obtained from sheep (Prior and Christenson, 1976 ) and probably reflects a decreased supply of gluconeogenic precursors. Serum urea-N concentrations were lowest (P<.025) for heifers fed the high energy and highest (P<.025) for those fed the low energy level. The elevated serum urea-N concentrations in the low energy treatment supports the concept (Munro and Fleck, 1969) . DNA concentrations (mg/g tissue) were higher (P<.025) and the protein/DNA ratio was lower (P<.025) in maternal liver tissue in cows on the low energy diet compared to cows on the medium or high energy diets. The fact that DNA concentration increased while protein/DNA ratio was lower in the low energy group indicates decreased liver cell size. Unfortunately, we did not obtain total liver weight so total liver DNA could not be calculated. Consequently, it is not possible to say anything definite about cell numbers. There is some disagreement concerning changes in DNA content per cell nucleus as a result of starvation, protein deficiency or other dietary treatments (Thomson et al., 1953; Ely and Ross, 1951; Umana, 1965) . However, liver of the adult animal seems to be a good tissue in which to use DNA as a reference substance for changes in total organ constituents since DNA content of the liver of the adult remains fairly stable because of the slow rate of cell multiplication (Munro and Fleck, 1969) . Increased serum urea concentrations in the low energy group suggested that amino acids were being deaminated and possibly maternal liver protein stores were being mobilized for maternal metabolism or possibly to maintain fetal growth. A decrease in total liver protein might be expected if this were true, thus decreasing the protein to DNA ratio in the low energy group compared to the medium or high energy levels.
Fetal liver DNA concentrations (mg/g tissue) were much higher than maternal concentrations throughout most of gestation and decreased (P<.05) with gestational age approaching maternal levels by 270 days of gestation (figure la, tables 4 and 5). Fetal liver RNA concentrations were also higher than maternal levels during early gestation and decreased linearly with increasing gestational age (figure lb, tables 4 and 5). However, maternal concentrations of liver RNA were reached in the fetus by approximately 240 days of gestation. These observations are consistent with the hypothesis that fetal liver is in a state of cell differentiation and replication (hyperplasia) and is approaching mature status towards the end of gestation (hypertrophy being the predominant process) 9 However, total weight of the fetal livers was not obtained and thus total DNA, RNA and protein could not be calculated to verify the above hypothesis. Liver RNA concentrations were higher (P<.025) in fetuses from mothers fed low energy compared to the high energy level (408.0 + 10.4 vs 374.0 + 10.2 #g RNA-P/g wet tissue). The explanation for this observation is not clear. Since the RNA/DNA ratios were similar for the two dietary treatments this observation may reflect a decrease in cell volume.
Fetal liver protein concentrations average 93.3 -+ 2.8 mg/g liver and were not influenced (P>.10) by maternal dietary energy level or the linear or quadratic effects of gestational age were not significant. However, the regression of fetal liver protein/DNA ratio with gestational age differed between the high and low energy Fetal muscle DNA and RNA concentrations decreased significantly with gestational age (figure 2, table 5). Female fetuses had higher (P<.05) DNA concentrations than male fetuses (1.43 + .07 vs 1.14 + .08 mg/g wet tissue) while male fetuses were heavier than female fetuses (Prior and Laster, 1979) which may imply that cellular hypertrophy occurs earlier in male fetal development. Maternal dietary energy level did not influence (P>.10) concentrations of fetal muscle RNA, but high dietary energy did increase (P<.05) the slope of the regression line of fetal muscle RNA concentration vs gestational age (figure 2b, table 5).
Fetal muscle protein concentrations increased (P<.05) with gestational age (figure 3, table 5) but maternal dietary energy level did not influence (P>.10) muscle protein concentrations. The protein/RNA ratio in fetal muscle was higher (P<.05) in fetuses from cows receiving the highest energy level compared to the low level (1162 + 62 vs 976 + 68). This may indicate that the highest energy level increased synthesis of protein components of the fetal muscle cell relative to RNA compared to fetuses from cows receiving the lowest energy level. These observations are the only indications obtained in this study that level of maternal dietary energy intake had any influence on fetal development.
Interpretations of changes in fetal liver and muscle nucleic acid concentrations due to nutrition or gestational age are complicated by the fact that tissue cell numbers, water concentration and other components are changing with increasing gestational age. Fetal muscle and liver RNA and DNA concentrations decreased with increasing gestational age (figures 1 and 2). Muscle protein concentrations increased (figure 3), but liver protein concentrations did not significantly change with increasing gestational age. RNA/DNA ratio remained approximately constant while protein/DNA ratio increased markedly in both liver and muscle with gestational age indicating growth of liver and muscle tissue occurred by hypertrophy. Hyperplasia probably was also occurring (Prior and Laster, 1979) , but one cannot determine this from changes in tissue nucleic acid concentrations without knowing total quantities of nucleic acid in the tissue. We conclude from these studies that restriction of maternal energy intake in the bovine animal where body weight of the dam is maintained during pregnancy had little influence on the development of the fetus even though maternal metabolism was altered considerably as evidenced by increased urea concentrations in blood sera and slightly decreased glucose concentrations in animals restricted in energy intake. Other data (Prior and Scott, 1977) indicated that restriction of maternal dietary energy intake did not significantly alter the in vitro activities of gluconeogenic enzymes in maternal or fetal liver or the metabolism of aspartate, alanine, or lactate to glucose or CO2 by liver slices in vitro.
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